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Two Mexican dolomites were characterized in order 
to discover their suitability for production of 
refractory brick.
The results were compared with other dolomites 
from American Companies. Some samples were burned in 
a gas fired Laboratory Furnace and others were obtained 
in the burned state after processing in Industrial 
Rotary Kilns.
The characterization procedures included X-Ray 
Diffraction, Scanning Auger Microprobe, DTA and TGA 
techniques, Chemical Analysis and Bulk Density 
measurements.
The procedure to control the quality of the 
dead-burned dolomite at the industrial level was 
established taking as the main criteria, bulk 
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1I. INTRODUCTION
Dolomite is the double carbonate of calcium and 
magnesium and was first identified by Count Dolomieu 
around 1790. The chemical composition of pure dolomite 
is 45.65% of MgC03 and 54.35% of CaC03, and the compound 
has a specific gravity of 2.85.
If the dolomite is formed in solution, it is known 
as primary dolomite, but if it is formed from existing 
limestone, altered by the replacement of some of the 
calcium ions by magnesium ions, it is known as secondary 
dolomite. The primary dolomites usually are purer, 
softer, and more porous than the secondary dolomites.
The purest dolomite is the best for refractory usage. 
The usual impurities consist of small percentages (1 to 
2%) of iron oxide, alumina, silica, and sometimes very 
small amounts of titanium and boron oxides. If dolomite 
is heated, carbon dioxide is evolved and the product is 
no longer a compound, but a mixture of lime and magnesia.
Figure 1 is the binary diagram of CaO and MgO, where 
we can see that the eutectic temperature is 2300°C. To 
identify the calcined dolomite, the Basic Furnace Linings 
Committee2 in England, adopted the term "doloma". In the 
United States and Canada "dead-burned dolomite" is the
term generally used.












4The purpose of this work was to find out whether the 
two Mexican raw dolomites are good enough for the 
manufacture of refractory brick. The characterization of 
both materials was used as a comparison base and related 
to other dolomites.
5II. REVIEW OF LITERATURE
•jD.F. McVittie reported that the use of dolomite as 
a refractory material dates back to about 1878 when 
Sydney Gilchrist Thomas in Blaenavon, England, concluded 
theoretically that a basic lining would be necessary to 
solve the problem of phosphorus in steel. Since that 
time, when first experiments were made, dolomite refrac­
tory technology has expanded greatly, specifically in the 
steel and cement industries but also in many other minor 
applications.
Pure dolomites are very difficult to sinter, it 
being suggested^ that temperatures up to 1800°C and 
higher, are necessary to fabricate a good refractory dead- 
burned dolomite. In practice, sometimes it is convenient 
to add mineralizers to increase the sintering rates and 
reduce the burning temperatures. The most commonly 
employed mineralizer is iron oxide. The iron oxide reacts 
with the lime in the dolomite to form calcium ferrite, a 
strong flux that causes the dolomite to density. However, 
the calcium ferrite becomes a problem when the dolomite 
is used to make the brick, so a minimum of iron oxide must 
be used for densification.
Dolomite for fettling purposes can contain from 2 to 
10% of iron oxide, most of which is at the surface of the 
grain. This coating protects the dead-burned dolomite
6from hydration and helps the bonding of the grains after 
fettling.
When dead-burned dolomites are made in rotary kilns 
from high purity raw dolomite with no additions of iron 
oxide, it is necessary to increase the firing temperature 
putting in the kiln small additions of relatively high 
purity oxygen to the secondary combustion air.
There are two basic ways to make dead-burned 
dolomite for use in brick production: (a) Burn sized raw
dolomite in a rotary kiln with or without a flux addition 
(In the United States dolomite is usually burned in rotary 
kilns), (b) Caustic calcine the dolomite, grind the 
caustic dolomite^ to a convenient size, briquette the 
dolomite and burn the briquettes in a rotary or a shaft 
kiln (The vertical shaft kiln is also used for primary 
burning of dolomite, especially in Europe).
Another type of dolomite, used to a lesser extent,
• 7is the so-called "stabilized dolomite". Stabilization 
is effected by the addition of silica to tie up all or a 
portion of the lime content. This will give a product 
with very good storage characteristics, but with lower 
refractoriness. Table I lists a resume of properties 
of dead-burned dolomites.
One author reports the beneficiation of raw dolomites 
using reverse flotation where the impurities were extracted 
as a foamed product and the dolomite remained in the stone
7TABLE I
COMPOSITION OF SELECTED DEAD-BURNED DOLOMITES10
Chemical Analysis (Wt. %)
Si02 ai2o3 Fe2°3 CaO MgO CaO+MgO B.D. (g/cc.)
England
(North
Derbyshire) 0.88 0.45 1.30 56.8 40.57 97.37 3.10
(Same
Pelletized) 0.70 0.30 1.00 56.7 41.30 98.0 3.25
Belgium 0.35 0.25 0.30 56.4 42.70 99.1 3.10
Germany 1.00 0.30 1.50 55.06 42.14 97.2 3.15
Italy 1.05 0.92 0.28 56.10 41.65 97.75 3.20
Japan 0.60 0.60 3.0 62.50 33.30 95.80 3.00
U.S.S.R.8
(Novotroitsk)
5.2 2.3 0.9 56.15 35.36 91.51 3.0
(Elenovsk) 0.87 0.72 0.7 69.50 28.14 97.64 3.0
U.S.A.5
(Stabilized) 14.4 1.5 3.4 40.0 40.4 80.4 2.4
(Fettling) 1.33 0.45 3.32 54.96 39.95 94.9 3.25
(Pelletized)*
0.5 0.2 0.1 58.0 41.2 99.2 3.30
(Rotary
Kiln)* 0.6 0.3 1.0 56.0 42.1 98.1 3.22
* These are typical for brickmaking purposes.
product. The purpose was to use this beneficiated 
dolomite in the production of highly resistant tar-bonded 
dolomite brick.
The production of dead-burned dolomite is based on 
the following reaction:
MgCa (CO3) 2 -> CaO + MgO + 2C02
If this reaction is stopped after the CC>2 has been driven
off (between 800 and 900°C), the product is too reactive
9and porous for use as fettling or brxckmakxng materxal.
The free lime in the dolomite has a great tendency to 
react with the moisture in the air to form calcium 
hydroxide. The degree of hydration under given atmos­
pheric conditions is dependent on the amount of lime and 
impurities present and on the burning conditions.
To completely eliminate the hydration is almost 
impossible and up to now, uneconomic, but there are some 
steps which can help to prevent it: low impurities content, 
high burning temperatures, longer time at elevated tempera­
tures, protective coating materials for grains and for 
bricks, and finally, "dry storage rooms" of very low 
humidity where the bricks can be stored for extended 
periods of time without fear of hydration. Another way 
to improve the properties of dead-burned dolomite for
brickmaking is to produce what is called Magnesia-Doloma 
11 12clinkers. ' These clinkers are produced by mixing
8
finely divided MgO and dead-burned dolomite or CaO, and 
then burning to high temperature to obtain a homogeneous 
material. Increasing the MgO content of the dead-burned 
dolomite improves the hydration resistance.
10
III. CHARACTERIZATION
A. As Raw Material
1. Chemical Analysis
It was noted in the Introduction that pure 
dolomite is CaMg(C03)2/ and is white in color.
Impurities such as carbonaceous matter and iron 
compounds give color variations to the raw material 
ranging from pale bluff to red, blue or even black.
Chemical analyses for the two Mexican raw dolomites 
(identified as A and B) were carried out by the atomic 
absorption method (see Table II). Both dolomites are 
gray-white in color.
2. X-Ray Diffraction
The X-ray powder diffraction diagrams obtained 
with Copper Ka radiation and using nickel filter for both 
raw dolomites A and B, are shown in Figure 2.
The reflections reported for dolomites by Howie and
13Broadhurst are totally in agreement with the reflectxons 
obtained for both dolomites; is clearly visible the 
correspondence of the (104) line to a d-spacing of 
2.886$. (20=30.8° and 100% I/IQ). A higher intensity of 
the (104) reflection at 3.035A (20 = 29.30° and 100% I/Ij) 
was obtained for dolomite A (Figure 2A), this reflection 
corresponding to CaC03 (calcite) and, in perfect agreement
11
TABLE II
COMPOSITION OF RAW MATERIALS
Chemical Analysis (Wt. %) A B
Silica (Si02) 0.26 0.76
Alumina (A1203) 0.12 0.11
Iron Oxide (Fe203) 0.16 0.14
Calcium Oxide (CaO) 32.99 31.49
Magnesium Oxide (MgO) 19.92 20.95
Titanium Oxide (Ti02) 0.03 0.03
L.O.I. 46.52 46.52
12
Figure 2. X-Ray Diffraction Diagrams. (A) Raw Dolomite A 
(B) Raw Dolomite B.

14
with data of Swanson and Fuyat. There was no evidence 
of any other compound using this technique.
3. Auger Electron Spectroscopy
Auger spectroscopy is an analytical technique 
applied to investigations of the first few atom layers 
of surfaces.15 It is performed by electron bombarding a 
solid surface and energy analyzing the emitted secondary 
electrons. The Auger process is initiated by creating a 
hole in a core level. The ionized atom can decay by two 
processes: (a) when an electron from the L shell fills
the hole in the K shell, which results in X-ray emission. 
The energy of the emitted X-ray is equal to the difference 
in the binding energies of the K and L electrons; (b) in 
the Auger process the hole in the K shell is filled by an 
electron from the L shell with simultaneous ejection of a 
second electron from the L shell. Auger transitions 
produce Auger electrons with characteristic energies that 
are manifested as small peaks in the energy distribution 
of secondary electrons, N(E). In practice, the derivative 
of the energy distribution function, dN(E)/dE, is usually 
measured so as to suppress the large background in the 
N(E) curve.
16A chart (Auger chart) generated from experimental 
data from most elements in the periodic table is used for 
analysis. This chart shows that all elements except
hydrogen and helium can be identified by scanning an 
electron through the energy range of 50 to 2400 electron 
volts (eV).
In this work a PHI MOdel 545 Scanning Auger Micro­
probe from Physical Electronic Industries Inc. was 
employed. Figure 3 shows the Auger spectrum for raw 
dolomites A and B. The peaks at 292-298, 510-515, and 
1180-1183 eV are representative of calcium, oxygen and 
magnesium, respectively. For dolomite A (Figure 3A) 
we notice peaks at 60 and 86 eV for silica, 187 eV for 
chlorine, and 654 eV for iron. All these peaks were 
recorded with 10X magnification.
In Figure 3B for dolomite B, the same peaks are 
present with the exception of those for iron. The analysis 
was made at the surface of the grains used as specimens.
The grain size was between h and % inch.
4. Differential Thermal Analysis and Thermo- 
gravimetric Analysis
Using Differential Thermal Analysis it is 
possible to obtain the temperature at which thermal 
reactions take place in a sample heated at a predetermined 
rate.
Thermal decomposition of dolomite has been investi- 
17gated by Wildsdorf stating that solid solutions of 
carbonates are formed during decomposition, while Berg and
16







Gavelina assume primary dissociation into separate
carbonates or into oxides of magnesium and calcium. It
19has been generally established that thermal decomposi­
tion takes place in the following two stages:
Mg Ca(C03)2 -* MgO + C02 + CaC03 
CaCOg ->• CaO + CO 2
The second step involves the decomposition of CaC03, which 
occurs in the same way as that of natural calcite. In 
general, the first reaction takes place around 775°C and 
825°C, while the second occurs between 825°C and 925°C, 
all depending on the composition of individual dolomites.
The DTA diagrams shown in Figure 4 for both raw 
dolomites were obtained using a Mettler instrument at a 
heating rate of 10°C/min. and using alumina as a standard. 
Figure 4A is a thermogram of dolomite A passing through 
100 mesh. There are two endothermic peaks at 800°C and 
835°C. Figure 4B is the same dolomite A but with grain 
sizing below 200 mesh. In this case the first peak is 
exactly at the same temperature as in Figure 4A (800°C), 
but the second peak is at a slightly lower temperature 
(825°C). Figure 4C is the thermogram for dolomite B 
passing through 100 mesh. Both endothermic peaks are 
present again, but at 810°C and 850°C respectively.
18
19
Figure 4. DTA Diagrams for: (A) Dolomite A Passing Through
100 Mesh. (B) Dolomite A Passing Through 200 
Mesh. (C) Dolomite B Passing Through 100 Mesh.
20
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The TGA diagrams are represented in Figure 5 for the 
same samples run for DTA, all being obtained in an air 
atmosphere. The diagrams for the three samples show a 
total weight loss around 46% at temperatures above 900°C.
B. As Dead-Burned Material
Burning of dolomite for brickmaking purposes is a 
complicated process. First, a high purity dolomite has 
to be selected; then, it is necessary to burn the dolomite 
at a sufficient temperature. Densification of dolomite 
in a rotary kiln in particular, is a difficult process.
It is customary to use mineralizers (iron oxide mainly) 
to facilitate it, but the amount of mineralizer has to be 
minimized in order to maintain a high grade of refractori­
ness.
To characterize the two dolomites and make comparisons 
for different conditions in the burning process, a small 
laboratory gas furnace was used to obtain dead-burned 
dolomite (see Appendix A). Three samples were fired in 
this furnace. Three more samples were obtained in the 
fired state from two refractory companies making a total 
of six dead-burned dolomites for study. Some preparation 
characteristics for these six samples are given in Table
III.
22
Figure 5. TGA Diagrams for: (A) Dolomite A Passing Through
100 Mesh. (B) Dolomite A Passing Through 200 Mesh. 




CHARACTERISTICS OF DEAD-BURNED SAMPLES 
Sample Description
Ai* Burned at 1650°C for 4 hours in a gas-fired 
laboratory furnace. Iron oxide content was 
between 3 and 4% wt.
a 2* Burned at Harbison Walker FLIR S.A. in a 
gas-fired laboratory furnace at 1650°C for 
2 hours. Iron oxide was 4% wt.
Bl* Burned in a gas-fired laboratory furnace at 1630°C for 4 hours. Iron oxide was 3 to 4% 
wt.
B2* Burned in a rotary kiln at H.W. FLIR S.A.. The reported temperature was 1540°C held for 
h. hour. The iron oxide content was between 
2 and 8% wt.
C This dolomite is produced in a company located 
in York, Pa. It is brickmaking grade and it 
was impossible to obtain the burning conditions 
It is a rotary kiln product.
D Burned under the same conditions as the B2 
sample with the exception of no iron oxide 
addition. This is a dolomite from a company 
located in Missouri and is used for fettling 
purposes.
*Raw dolomites A and B (see Table II).
25
1. Chemical Analysis
Chemical analysis for the six dead-burned 
samples is given in Table IV. It was carried out by 
atomic absorption techniques.
A brick making dolomite composition is considered 
acceptable if the calcium oxide plus magnesium oxide 
contents are 98% or more.
2. Bulk Density
A.S.T.M. has established two methods for
determining the bulk density of grains. One, based on
one hour boiling in water (C-357-70), and the other,
21based on mercury displacement (C-493-70). A number of
variations of these two methods are in use; the mercury
methods being quicker, but both have serious disadvantages. 
22Ruprecht reports a water immersion method having 
the speed of the mercury method, and applicable to 
dead-burned dolomites. This procedure was chosen in this 
study to determine the bulk density of the six samples 
(see Appendix B). The results are given in Table V.
The values obtained are in agreement with those 
reported for different dead-burned dolomites (Table I). 
Samples A 1 and A2 are very similar in results even though 
they were burned in different furnaces. The bulk 
densities of samples B2 and C are the higher because they 
are rotary kiln products. The lowest values were for
26
TABLE IV
COMPOSITION OF DEAD-BURNED SAMPLES (WT. %)
Samples Si02 a i 2o 3 Fe2°3 CaO MgO Ti02
Ai 0.41 0.16 7.07 53.06 39.27 0.03
A2 1.15 0.18 9.83 54.36 34.43 0.05
B1 1.34 0.18 7.15 49.54 41.75 0.04
B2 2.43 0.17 15.84 47.86 33.66 0.04
C 0.43 0.13 2.24 53.40 43.77 0.03
D 0.29 0.16 7.99 51.01 40.52 0.03
TABLE V
BULK DENSITY OF DEAD-BURNED SAMPLES *
Sample* Bulk Density (g/cc)
Ai 3.13 to 3.191
a 2 3.14 to 3.20
B1 3.11 to 3.175
b 2 3.30 to 3.36
c 3.28 to 3.34
D 3.11 to 3.15
*Three results per listed averages
28
sample D mainly because this dolomite had no iron oxide 
addition.
3. X-Ray Diffraction
Figure 6 shows the patterns for samples A1 and
A2. All the diagrams were obtained using Copper Ka
radiation and nickel filter. The lines obtained for CaO
and MgO are in perfect agreement with data by Swanson and 
23Tatge. Another compound observed was 2Ca0*Fe203. This
was in significant concentration of sample A2 (Figure
6A2) . The lines found for di-calcium iron oxide were in
24agreement with data reported by Hansen and Brownmiller.
X-ray diagrams for samples Bj and B2 are presented 
in Figure 7. CaO and MgO are the main compounds, 
identifying again 2Ca0*Fe203 in both samples more in 
sample Bx than in B2. This difference was due to the 
high iron oxide addition in the rotary kiln.
Finally, the diagrams for samples C and D appear in 
Figure 8. Sample C, the dead-burned dolomite from York, 
Pa., was the purest of all the samples. The lines for 
CaO and MgO were very clear and strong. A single extra 
weak line occurred at 33.5° corresponding to distance 
2.67A (100% I/I ) and belongs to 2Ca0*Fe203. Sample D 
possessed the same pattern as samples A 3, A£, and B3,
B2, but the CaO and MgO lines were of lower intensity.
29









Figure 8. X-Ray Diffraction Diagrams for: (C) Sample C;
(D) Sample D.
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Figure 8
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4. Auger Electron Spectroscopy
The same procedure and instrument were used 
as earlier described in part III, A 3. The grain size 
of all specimens ranged from 3/16 to 5/16 of an inch.
The grains employed for specimens were broken in order to 
analyze the surface and the center of the dead-burned 
dolomites. Figure 9 shows an Auger spectrum for sample Aj. 
The surface spectrum is given in Figure 9A where we 
observed signals for calcium, oxygen, iron and magnesium 
at 304, 523, 660 and 1191 eV, respectively. These elements 
were the most prevalent, while signals at 75 and 96 eV 
gave weak indications of Si02 occurrence. Weak lines also 
occurred at 122 and 164 eV, characteristic of phosphorous 
and sulphur respectively. Figure 9B displays the analysis 
at the center of the grain; the same peaks appear with the 
addition of a peak at 189 eV for chlorine, and another at 
395 eV for titanium. The line for magnesium at 1190 eV 
was the only instance in which this element was low inten­
sity for a scan over the center of the grain.
Figure 10 shows the Auger spectrum for sample 
A2 (10A is on the surface and 10B is at the center 
of the grain). The results are very similar to those 
obtained for sample , with two exceptions; the 
sulphur line is stronger, and at 279 eV there is another 
strong line in both spectra. Carbon also appears at 
this energy level. It could be an impurity at the
36
Figure 9 Auger Spectra for Sample Ax: (A) on the Surface






Figure 10. Auger Spectra for Sample (A) on the Surface
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surface, but it is more likely that carbon occurs in the 
C02 radical in the interior of the grain.
Figure 11 depicts micrographs of sample A2 on the 
surface. The white areas represent the locations of the 
elemental concentrations. In these figures, the elements 
are oxygen (11A), calcium (11B), and magnesium (11C).
Figure 12 is also for sample A ^, but it represents the 
elemental concentrations at the center of the grain.
Figure 13 represents Auger spectrum for sample Bj. 
Figure 13A is for the surface and Figure 13B for the center 
of the grain. The characteristic lines for the formation 
of aluminum and silica oxides located at 57, 65, 73, 88, 
and 96 eV are illustrated in the diagram. Also observable 
are the lines for phosphorous at 121-125eV, sulphur 
153-160 eV, chlorine 193 eV, calcium 294-306 eV, oxygen 
513-524 eV, iron 597-652-705 eV, and magnesium 1182-1193 
eV.
Weak peaks for aluminum and silica, respectively, 
occur at 1392 and 1619 eV as shown in Figure 13A.
Figure 14 shows micrographs of oxygen, calcium and 
magnesium concentrations at the center of the grain for 
sample B j.
Figure 15 depicts the Auger spectrum for sample B2 
(15A on the surface, and 15B at the center). The patterns 
are similar to those for sample Bi with one difference.
In Figure 15B the same peak that was found for sample A2
41
Figure 11. Sample A2 on the Surface.






Figure 12. Sample A2 at the Center. Scanning Auger Micro 
probe. (A) Oxygen, (B) Calcium, (C) Magnesium
44
45
Figure 13. Auger Spectra for Sample B1: (A) on the Surface









Figure 14. Sample B at the Center. Scanning Auger Micro­




Figure 15. Auger Spectra for Sample B2: (A) on the Surface;






(Figure 10) at 278 eV was observed, representing the 
existence of carbon.
The spectrum for sample C is shown in Figure 16 (16A 
for the surface, 16B at the center). The diagrams possess 
good resolution and small or weak lines for sulphur and 
chlorine are easily identified. Calcium, oxygen and 
magnesium have the strongest lines compared with the rest 
of the samples, while iron is not very strong. Figure 17 
is a micrograph taken at the center of the grain for 
sample C. Again, they are well resolved and make obvious 
the coupling between oxygen-calcium and oxygen-magnesium.
Figures 18 and 19 represent an Auger spectrum and a 
micrograph, respectively, of sample D. In Figure 18A (on 
the surface of the sample) the signal for magnesium 
concentration was weak, while at the center of the sample 
(Figure 18B) magnesium signal is normal and the lines for 
iron are weak.
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Auger Spectra for Sample C: (A) on the Surface






200 400 600 800 1000 1200 1400 ELECTRON ENERGY
Figure 16 (eV)
54
Figure 17. Sample 
probe.
C at the Center. 
(A) Oxygen, (B)




Figure 18. Auger Spectra for Sample D: (A) on the Surface; 
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Figure 19. Sample D at the Center. Scanning Auger Micro­
probe. (A) Oxygen, (B) Calcium, (C) Magnesium.
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IV. PROCEDURE TO ASSESS THE QUALITY OF DEAD-BURNED
DOLOMITE
There are three important measurements essential to 
the assessment of the quality of a dead-burned dolomite:
A. Impurity Levels
Impurity levels, derived from the chemical analysis
for SiO . Fe 0 . and Al 0 . The total percentage of all 
2 2 3 2 3
three has to be less than 2%. Atomic absorption is an 
accurate and rapid technique for this kind of assessment.
B. Grain Bulk Density
Grain bulk density (chapter III, B 2) is a very
important property because it relates directly to the
eventual properties of the final brick product. The
generally allowed values must be between 3.20 and 3.35
22g/cc. The Ruprecht method is preferred as it is less 
expensive than the mercury displacement method, and is 
also fast and accurate.
C. Hydration Susceptibility
The measurement of this property is affected by 
25several variables. These variables include: time, 
temperature, grain size, amount of free water during 
hydration, mechanical breakage of grains, and free water 
retained in the crucibles at the time of removal from the
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hydrator. The destruction of dolomite grains in storage
occurs when a formation of powder develops on the surface
and progresses to grain breakage and ultimate dusting.
Due to this hydration tendency, a variety of coatings have
26,2-/been studied and proposed for dolomite over the years. 
Currently fuel oil is the optimum choice for this applica­
tion .
There are several methods to determine hydration
susceptibility; all relate to the same basic idea. The
sample has to be collected upon leaving the kiln and the
determination has to be made as soon as possible in order
to achieve good and representative results.
2 8A.S.T.M. procedure (C-492-71) takes more than 24
2 9hours to know the results. Keim described a "vapor
method" which produces hydration susceptibility measure-
30ments after 5 hours. Hubble and Lackey describe a 
modification of the A.S.T.M. procedure using a steam 
humidity cabinet lasting the same time. In view of all 
these procedural differences and also due to the great 
effect on results of the variables mentioned above, the 
hydration susceptibility measurements are not reproducible 
and one laboratory could have values very different from
another one.
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V. DISCUSSION OF RESULTS
A. Raw Dolomites
Chemical analyses for both raw dolomites (Table II) 
show less than 2% total impurity content. X-ray data 
(Figure 2) and Auger spectra (Figure 3) demonstrate that 
calcium carbonate is present in greater concentration in 
dolomite A. Conversely, there is more magnesium carbonate 
in dolomite B. The x-ray diffraction powder technique, 
in particular, showed that the only compounds present were 
dolomite and calcium carbonate as calcite. The principal 
elemental impurities were detected using Auger spectro'- 
scopy. The data in Figure 3A show that silica, chlorine 
and iron are present with Auger lines at 60-86, 187 and 
654 electron volts, respectively. Only the peaks for 
silica and chlorine were present in dolomite B. The 
relative levels of chemical impurities are similar for 
both dolomites; but because the magnesium carbonate 
content is higher for dolomite B, it is considered to be 
a better prospect for industrial applications than 
dolomite A.
B. Dead-Burned Dolomites
The original research plan called for the inclusion 
of a large number of dead-burned dolomites in evaluative 
studies. Principally because of hydration problems and
burning difficulties, only six different samples were
ultimately evaluated. Only one of these (C of Table III)
had received the heat treatment considered optimal to
produce a dolomite with properties suitable for commercial
applications. The principal difficulty was the inability
in the laboratory to reproduce the operating conditions
of an industrial rotary kiln. The same sintering
conditions do not prevail in a static laboratory furnace
charge as in a commercial rotary kiln where the aggregate
is in constant motion. Nevertheless, those laboratory
samples burned above 1630°C { A 1 , A2, Bx and D of Table
III) resulted in only slightly lower bulk densities
compared with samples C and B2 (rotary kiln products) and
with specimens having bulk density values reported by
31Charlton and Childs.
It was necessary to add between 3 and 4 weight percent 
of iron oxide to the dolomites burned in the gas fired 
laboratory furnace due to the maximum temperature limita­
tion of this furnace. It became obvious that in order to 
obtain laboratory samples comparable to commercial rotary 
kiln fired samples it would be necessary to operate the 
laboratory furnace above 1700°C without the addition of 
excessive amounts of iron oxide. Chemical analyses for 
the dead-burned dolomites are presented in Table IV. 
Compared in particular was the low iron content (2.24%) 
for sample C to the iron contents of the rest of the
samples (from 7.07% to 15.84%). Another important 
chemical parameter is the total amount of calcium oxide 
plus magnesium oxide (97.17%) for sample C. This total 
of basic oxides was 92.33% for sample A 1 and only 91.25% 
for sample B .
The impurity chemistry was best detected using Auger 
spectroscopy. Spectra for sulphur, silicon, aluminum, 
titanium, phosphorous, and chlorine were observed. Two 
specimens were selected from each dolomite sample for 
Auger analysis. This technique holds great promise for 
following sintering procedures, specifically the depth 
of penetration of additives and the distribution of 
impurities in calcined dolomites.
X-ray diffraction data showed that calcium oxide and 
magnesium oxide were present as main compounds in the 
calcine and that dicalcium ferrite was present as a 
secondary constituent. Sample C had the lowest concen­
tration of the ferrite. The phase relationships and
mineral constituents for dead-burned dolomites have been
32discussed in detail by Rait. This author has pointed 
out the differences in the melting characteristics of 
dead-burned dolomites of various compositions.
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VI. CONCLUSIONS AND RECOMMENDATIONS
The general conclusion from this study is that both 
raw dolomites A and B are suitable for brick production. 
Dolomite B appears to have more promise than dolomite A.
In efforts to utilize these prospective dolomites, the 
following recommendations drawn principally from the 
literature are made:
(1) Preparatory to the dead-burning process:
(a) Caustic calcine the dolomite to 1400°C 
and then burn it to 1750-1800°C;
(b) Consider use of pelletization procedures 
in efforts to increase the density of the 
dead burned dolomite;
(c) Produce a magnesia-doloma clinker by 
mixing dolomite with magnesium oxide fines 
preparatory to calcination.
(2) Perform pilot scale studies in efforts to assess 
the minimum possible amount of iron oxide needed 
for calcination at temperatures above 1750°C.
(3) Perform pilot plant studies again using the 
commerical rotary kiln in efforts to determine 
a minimum possible firing temperature while 
incorporating no iron addition.
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(4) In case procedure (3) is not successful, 
consider the use of oxygen in the rotary kiln 
in an effort to raise the temperature further. 
In these last two studies, consider modifica­
tions of refractory lining practice which will 
in all probability need to be changed to permit 
very high temperature calcination.
(5) After production of dead-burned dolomite, it 
will be essential to establish some limiting 
quality control values for bulk density, 
impurity levels, and hydration susceptibility.
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APPENDIX A
BURNING PROCEDURE USING LABORATORY GAS FURNACE
The furnace used to burn the raw dolomites was 
located in the Fulton Hall building. The maximum 
temperature obtained was 1675°C using gas as a fuel.
The preparation of the sample was made by hand, choosing 
-3+20 mesh grain size for the dolomite, and mixing it 
with iron oxide (passing 200 mesh) until certain that 
all the Fe20 3 covered the dolomite surface.
After the samples were ready, they were put into 
magnesium castable crucibles, made also at the 
laboratory for this specific use, and then charged into 
the furnace. Every charge was around 400 grams. The 
samples were heated from room temperature to 1650-1675°C 
in 6 or 7 hours, and then held at this temperature for 




DETERMINATION OF BULK DENSITY OF GRANULAR MATERIALS
This method covers a procedure to determine bulk 
density of granular refractory materials, including 
those high susceptible materials such as dead-burned 
dolomite.
Sample: The recommended grain size is -3+6 mesh.
It has to be a representative sample of 100 grams.
Method: Weigh a 50 gram sample to the nearest 0.01
g. and transfer it to a 150 ml. beaker. Add sufficient 
water at room temperature to cover the sample. Fill a 
100 ml. buret with water until the 20 or 25 ml. mark 
and be sure that the water is not adhering to the 
wall before taking the first reading. Attach a 4 in. 
diameter plastic funnel to the buret by means of a piece 
of rubber tube. Saturate a flat cotton towel with water 
and wring it by hand as dry as possible before each deter­
mination. Fold the towel to form a pad with four to six 
thicknesses of cloth. After a minimum soaking period of 
two minutes, place a cover glass over the top of the 
beaker to retain the sample while the water is poured off 
as completely as possible. Transfer the sample to the 
cotton towel and blot it with the towel until the wet
sheen on the grains has disappeared. Fold the towel, 
and pour the sample through the funnel into the buret. 
Read the new water level in the buret. Volume of the 
sample is represented by the difference between the 
initial and final buret readings.
Calculation:
Bulk Density = wel?fe.°f BamP1<l •volume of sample
